Summary
Introduction
Morbid obesity, defined as a BMI ≥ 40 kg/m 2 or BMI ≥ 35 kg/m 2 with comorbidities, is a chronic condition leading to premature morbidity and mortality [1] . A wide range of comorbidities accompany obesity, including impaired health-related quality of life (HRQL) [2] . HRQL is usually measured either with generic or disease-specific instruments. The generic instruments are designed to measure HRQL across divergent populations. The disease-specific instruments intend to measure HRQL aspects in a defined population. In clinical studies it is recommended to apply both types of instruments [3] . The Medical Outcome Study 36-Item Short Form Health Survey (SF-36) is a generic HRQL instrument developed in the USA and released for general use in the late 1980s [4] . The SF-36 consists of 36 questions (items) of which 35 are used to score the instrument. The SF-36 is one of the most popular generic instruments and has been used to assess HRQL in over 1,000 studies in the past 2 decades [5] , including recent studies of obesity [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, to our knowledge, only 1 study has examined the validity of the instrument in obese patients [15] . This study was performed as part of the QUOVADIS study, an observational multicenter study of 1,735 obese outpatients in Italy, of whom 40% had a BMI < 35 kg/m 2 . A principal component analysis (PCA) with an oblique rotation suggested a 6-component solution instead of the standard 8-component solution, thereby questioning the construct validity of the 8 SF-36 subscales in patients with obesity. The study did not assess the structural validity of the 2 summary scales [15] . The aim of our study was to assess the structural validity of the SF-36 in a population of morbidly obese persons. We investigated whether the underlying component structure of the SF-36 supports a separation into 8 subscales and 2 summary scales in a sample of treatment-seeking morbidly obese patients. 
Variables, Measurement, and Outcomes
The scale authors applied a PCA in the development of the subscales [16] . The 8 subscales are 'physical functioning' (10 items), 'role physical' (4 items), 'bodily pain' (2 items), 'general health' (5 items), 'vitality' (4 items), 'social functioning' (2 items), 'role emotional' (3 items), and 'mental health' (5 items). These 8 subscales then underwent a second order PCA which resulted in 2 summary scales; a 'physical summary scale' and a 'mental summary scale' [17] .
Study Size
There is little support in the literature in regard to sample size. Rulesof-thumb vary from 4 to 10 subjects per variable, with a minimum number of 200 subjects to ensure stability of the variance/covariance matrix [18] . De Vet et al. [19] concluded with 7 subjects per item, which with the 35 items in the SF-36 gives a minimum of 245 cases.
Statistical Methods
Data are presented as mean (standard deviation, SD) or n (%) unless otherwise stated. Little's MCAR analyses [20] were performed prior to mean imputation of missing data. Possible differences between patients excluded from and included in the analyses were assessed using independent samples t-tests. To examine the component structure of the SF-36, we applied PCA with an oblique (promax) rotation [21, 22] . The Kaiser-MeyerOlkin measure and Bartlett's test of sphericity were computed to determine whether the data in this sample were suitable for PCA. The decision of how many factors to retain is a critical component of exploratory factor analysis. Following Kaiser's criterion, eigenvalues of 1.0 were chosen to ensure that the extracted components accounted for a reasonably large proportion of the total variance [22] . Methodological research has shown that the Kaiser's criterion may include too many components [18, 23] . A parallel analysis [23] was conducted to affirm the extraction. Parallel analysis involves comparing the eigenvalues from the actual sample with those obtained from a randomly assigned dataset. A correlation matrix is computed from the randomly generated dataset, and the eigenvalues of the correlation matrix are computed. Components corresponding to the initial eigenvalues that are greater than the parallel average random eigenvalues should be retained. An item was considered to be loaded on a component if coefficients were 0.32 or larger [22] . To assess the model fit, we applied confirmatory factor analyses (CFA) as structural equation modeling (SEM). 2 tests of goodness of fit were used to evaluate the models, the Comparative Fit Index (CFI) and the Root Mean Squared Error of Approximation (RMSEA). A CFI > 0.90 indicates that the model has a good fit to the data. An RMSEA < 0.08 indicates a good fit to the data, while values > 0.10 suggest that the model fit is unsatisfactory [22] . The statistical analyses were performed with SPSS Statistics v. 17.0 (SPSS Inc., Chicago, IL, USA) for data processing, PRELIS v. 8.8 (SSI Inc., Lincolnwood, IL, USA) for PCA, Windows MonteCarlo PCA for parallel analysis, and AMOS v. 18.0 (IBM Corp., Armonk, NY, USA) for CFA.
Results

Patients
All subjects (n = 537) were non-immigrants of Caucasian ethnicity. Of these, 62 (11%) patients had more than 60% missing item values [17] , leaving 475 (89%) patients eligible for further statistical analysis. Table 1 displays various anthropometric and sociodemographic variables for the 475 included patients. Little's MCAR test showed that data was missing completely at random (p = 0.303). There were no statistically significant differences between gender, age, weight, BMI, and occupational status between the patients eligible for analyses and the patients excluded from analyses (all p > 0.05).
Component Extraction
The data met the Kaiser-Meyer-Olkin measure (0.91) and the Bartlett's test of sphericity criterion (p < 0.001) for performing PCA. Following the Kaiser's criterion, 7 components had an eigenvalue > 1.0. When controlling the extraction in a parallel analysis, component 7 (eigenvalue 1.01) was rejected, and components 1-6 were retained.
Exploratory Factor Analysis
The component loads are presented in table 2. Component 1 had an eigenvalue of 10.76 and an explained variance of 31%. The items belonging to the subscale 'physical functioning' split in their loads on components 1 and 2 (eigenvalue 4.61, variance 13.2%). The items of 'role physical' also loaded on component 1. The 3 'role emotional' items loaded on component 3 (eigenvalue 1.69, variance 4.8%). 'Bodily pain' items loaded on component 4 (eigenvalue 1.56, variance 4.4%). The items of the subscales 'social functioning' and 'mental health' Firstly, the original subscales of the SF-36 should be interpreted with care in this patient group. Secondly, the structural validity of the 2 summary scales is satisfactory, indicating that the summary scales can be preferred to the subscales when assessing HRQL in morbidly obese patients initiating lifestyle treatment.
Components 1 and 2, Physical Functioning, and Role Physical
The items belonging to the 'physical functioning' subscale in normal subjects loaded on 2 components in our sample, single item 2-component PCA model showed an RMSEA of 0.08 and a CFI of 0.84. The analysis of the second order original model showed an RMSEA of 0.07 and a CFI of 0.88.
Discussion
Key Results
The items of the SF-36 loaded on 6 main components when tested in a sample of morbidly obese patients. When forcing the PCA into a 2-component extraction, the items loaded into a physically and a mentally oriented domain. Component 6, Vitality Three out of 4 items belonging to the 'vitality' subscale in normal subjects loaded together on the same component in our obese patients. The 'vitality' subscale intends to measure energy level and fatigue. Morbid obesity is a condition associated with chronic fatigue [31] , and this grouping of items may indicate that the 'vitality' subscale is a relevant single HRQL domain in morbidly obese patients.
Summary Scales
Our study is the first to assess the validity of the 2 summary scales in morbidly obese patients. The scale authors applied a second order PCA to extract the 2 summary scales from the 8 subscales [17] . With regard to the weakened structural validity of the original subscales in this population, we have taken the single items into account in an oblique (promax) rotated PCA. This model was tested against the original second order component model. The SEM analyses showed a moderate but acceptable fit of both 2-component models -the original second order model and the single item 2-component model. The main pattern is the same in our analyses compared to the scale authors' analysis. The mentally oriented items loaded on one component and physically oriented items loaded on the other, implying acceptable structural validity of the summary scales in morbid obesity.
Concluding Remarks
Our results do not dissuade the use of SF-36 in studies of morbid obesity, but there are some important considerations and limitations to the use of SF-36 as an outcome measure in this population. Firstly, the clinical interpretation of the subscale scores is obscured due to ambiguity regarding their meaning.
Researchers utilizing the SF-36 subscales should be aware of this and use, as recommended [3] , obesity-specific HRQL instruments as supplementary measures. The subscale scores of the SF-36 will probably be more adequately interpreted when compared to such diagnosis-specific instruments. Secondly, despite the high validity of the summary scales, there are disadvantages to using them at the expense of the subscales. The most important is related to the loss of information. The 'physical summary scale' consists of 21 items and the 'mental summary scale' of 14 items. Consequently, a lot of detailed information is lost. Another disadvantage of using the summary scales is related to the scoring algorithm [17] . Some authors claim that the scoring algorithm produce unreliable results [32, 33] . The scale authors argue as a response that the scoring algorithm is for all practical purposes reasonable [34] . Again, other authors propose to adjust the scoring algorithm [35] . As a consequence of this discourse, researchers planning to use the summary scales in the study of obesity should examine the literature on which algorithm to use and comment on their choice. The strength of this study is that it is based on a large sample consisting of consecutive morbidly obese patients referred thereby diminishing the structural validity of this particular subscale. This is in correspondence with earlier findings [15] . In our data, component 1 consisted of 5 out of 10 'physical functioning' items together with items from the 'role physical subscale'. The items loading on component 1 are focusing on limitations in moderate and vigorous activities together with role limitations. The items loading on component 2 are focusing on severe physical problems like problems carrying groceries, climbing 1 flight of stairs and bathing or dressing. There is robust evidence of a relationship between obesity and impaired physical health [24] [25] [26] [27] [28] . A possible interpretation of this grouping of items could be that most physically impaired obese patients interpret the items differently than the obese patients with less physical impairment [15] . If this interpretation is correct, the 'physical functioning' subscale should be used with care in studies of morbidly obese patients.
Component 3, Role Emotional
In accordance with the scale authors, the 'role emotional' subscale intends to measure problems with work or other daily activities as a result of emotional problems. The analysis supports the validity of this subscale.
Component 4, Bodily Pain
In our data of obese subjects, the 2 items forming the 'bodily pain' subscale loaded together on component 4. Osteoarthritis, knee pain, and back pain are common among obese individuals and are positively associated with BMI [24] [25] [26] [27] [28] . Higher BMI is shown to be strongly associated with impaired scores on the 'bodily pain' subscales [15] . The uniform loading of this items strengthen the validity of this subscale in morbid obesity.
Component 5, Mental Health, and Social Functioning
Items belonging to the 2 subscales 'mental health' and 'social functioning' grouped together in 1 component in our study. This component may be interpreted as a 'psychosocial domain' that may be relevant for the study of the morbidly obese. In a literature review of obesity and depression, Markowitz et al. [29] found evidence of a relationship between these 2 conditions. The authors propose that behavioral mechanisms such as functional impairment and repeated dieting, cognitive mechanisms such as body image dissatisfaction and poor self-rated health, and social mechanisms such as stigma may all play a role in the pathway between obesity and depression [29] . Likewise, Fabricatore and Wadden [30] indicated a relationship between severe obesity, psychiatric conditions, and mood disturbances, and that this may have both social implications and social causes. These relationships [29, 30] may explain the grouping of items into a 'psychosocial domain' in this sample of morbidly obese patients. In morbid obesity, these 2 subscales should be interpreted together. 
Conclusions
The summary scales of the SF-36 have satisfactory construct validity in patients with morbid obesity but the subscale scores should be interpreted with care. The summary scales of the SF-36 may be considered as the primary scales when assessing HRQL in morbidly obese patients initiating lifestyle treatment.
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The authors declare that they have no competing interests. from public general hospitals, and the patients are as such expected to be representative of lifestyle treatment-seeking morbidly obese patients. However, the study has some limitations. Studies conducted in the early 1990s indicate that severely obese persons seeking treatment have significantly greater psychological stress than the non-treatment seeking severely obese [30] . Generalizability to the morbidly obese population may consequently be limited. Nevertheless, as the incidence of morbid obesity has increased over the last 2 decades, it is to be expected that larger groups of morbidly obese today wish to receive treatment, diminishing the potential discrepancy between sample results and population. To further increase generalizability, a confirmatory factor analysis should be performed on a sample independent of the one used in the exploratory factor analysis. We have used the same sample in both analyses, and we consider this as a limitation of this study. Another weakness of this study is that the patients are all Caucasians and that all patients were admitted for lifestyle treatment. As such, the conclusions may not be valid for patients seeking surgery or patients from other ethnic groups.
